Enhancement of the hydrolysis activity of β-galactosidase from Geobacillus stearothermophilus by saturation mutagenesis.
Thermostable β-galactosidase (BgaB) from Geobacillus stearothermophilus is characterized by its thermoactivity in the hydrolysis of lactose to produce lactose-free milk products. However, BgaB has limited activity toward lactose. We established a method for screening evolved mutants with high hydrolysis activity based on prediction of substrate binding sites. Seven amino acid residues were identified as candidates for substrate binding to galactose. To study the hydrolysis activity of these residues, we constructed mutants by site-saturation mutagenesis of these residue sites, and each variant was screened for its hydrolysis activity. The first round of mutagenesis showed that changes in amino acid residues of Arg109, Tyr272, and Glu351 resulted in altered hydrolysis activity, including greater activity toward ortho-nitrophenyl-β-d-galactopyranoside (oNPG). The mutants R109V and R109L displayed changes in the optimum pH from 7.0 to 6.5, and the mutant R109V/L displayed different substrate affinity and catalytic efficiency (k(cat)/K(m)). Mutant R109G showed complete loss of BgaB enzymatic activity, suggesting that Arg109 plays a significant role in maintaining hydrolysis activity. The optimum pH of mutant E351R increased from 7.0 to 7.5 and this mutant showed a prominent increase in catalytic efficiency with oNPG and lactose as substrates.